WHAT IS CLAIMED IS: 




1. An optical head comprising: 

at least one light source for emitting a beam with a first wavelength 



beam with a second wave 
st wavelength; 

a photodetector; and 
at least one diffr active 



length that is approximately twice as long as 



optical element provided in optical paths of 
the beams with the first and th;i second wavelengths, 

wherein outgoing fight from said at least one diffractive optical 
element is substantially a secorid-order diffraction light with respect to the 
beam with the first wavelength and is substantially a first-order diffraction 
light with respect to the beam vdth the second wavelength. 

2. The optical head according to claim 1, 

wherein said at least o le diffractive optical element has a cross 
section substantially of a sawtc oth shape, and with respect to the first 
wavelength X^, the second wavelength X2, and a refractive index n of a 
material of said at least one diferactive optical element, groove depth in the 
sawtooth shape is substantialljr in a range between 2Xi I (n-1) and X2 / (n-1) in 
the case of a transmission element, is substantially in a range between / n 
and X2 / 2n in the case of a reflection element onto which beams are incident 
from a substrate side, and is sjibstantially in a range between Xj and / 2 in 
the case of a reflection element onto which beams are incident from an air 
side. I 

3. The optical head according to claim 1, 

wherein said at least one diffractive optical element is an objective 
lens for focusing beams on an anformation recording medium. 

4. The optical head according to claim 1, 

wherein said at leasti one diffractive optical element is a coUimator 
lens for coUimating beams emitted from said at least one light source 
substantially into parallel bejams. 

5. The optical head according to claim 1, 



wherein said at leas 



one diffractive optical element is a 



focusing/tracking error signf il detection element. 

6. The optical head according to claim 1, 



wherein with respec 



t to the first wavelength X-i, a minimum period 
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Ajjji„ of said at least one diffractive optical element satisfies a relations^Gp of 

7. The optical head according to claim 1, 
wherein with respect to the first wavelength K^, a minimu^ period 

Ajnin of the difEractive optical element satisfies a relationship of ^ 22Xi. 

8. The optical head according to claim 1, 

wherein the optical head further comprises a refracti^ optical 
element having optical surfaces onto which beams emitted frmn said at least 
one light source are incident obliquely, the refraction opticaFelement is 
provided in optical paths of the beams with the first and t^ second 
wavelengths, and a diffraction angle of light diffracted bwsaid at least one 
diffractive optical element due to variation in wavelengm of the beams 
emitted from said at least one light source and a refraction angle of light 
refracted by the refraction optical element are changed in directions that 
enable the beams to be canceled out with each other/ 

9. The optical head according to claim 8, 

wherein said at least one diffractive opti/al element is a grating 
with a uniform period. 

10. The optical head according to claiirf 8, 
wherein said at least one diffractive optical element is positioned in 

a converging light optical path or a diverging light optical path with a 
numerical aperture of 0.39 or less, and said^^t least one diffractive optical 
element has a uniform period. / 

11. The optical head according y) claim 8, 

wherein the refraction optical ^element is a prism with three optical 
surfaces, and when in the three opticaj/surfaces, a surface on a side of an 
information recording medium is a first surface, a surface on a side of said at 
least one fight source is a second siurface, and a surface other than those is a 
third surface, the refraction optic^'^element is designed so that the beams 
emitted from said at least one light soxirce pass through the second surface, 
are reflected by the first and theAhird surfaces sequentially, and then pass 
through the first surface, and a^ottom part of an objective lens is located 
lower than a highest position^f the beams entering the second sxxrface that 
have been emitted from said/^t least one light source. 

12. The optical head according to claim 11, 

wherein a glass material of the prism has an Abbe number of at 
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least 64. \ 

13. optical head according to claim 1, 

wherem said light source is an SHG light source that emits beams 
with two wavelengths. 

14. The obtical head according to claim 1, 

wherein t^^ optical head further comprises a transparent substrate 
in which the beams with the first and the second wavelengths propagate in a 
zigzag manner, and said at least one diffractive optical element is positioned 
on the transparent suDstrate. 

15. The opticalViead according to claim 1, 

wherein the firsV wavelength satisfies a relationship of 0.35jxm ^ 
Xi ^ 0.44jxm or the secoiM wavelength ^2 satisfies a relationship of 0.76^tm 
^ >^2 = 0.88^m. \ 

16. The optical head according to claim 1, 

wherein the first wavelength satisfies substantially a relationship 
of O.BSjxm ^ X-i ^ 0.44|xm, and said at least one diffractive optical element 
is a chromatic-aberration compensation element for compensating chromatic 
aberration caused by an objectivAlens for focusing beams on an information 
recording medium. \ 

17. An optical head comprising: 

at least one light source for emitting a beam with a first wavelength 
and a beam with a second wavelengtmthat is approximately twice as long as 
the first wavelength; V 

a photodetector; \ 

an objective lens for focusing beams on an information recording 
medium; and \ 

a diffiractive optical element proviaed in optical paths of the beams 
with the first and the second wavelengths, \ 

wherein the diffractive optical element is a chromatic-aberration 
compensation element that compensates chromatic aberration caused by the 
objective lens and that has difference in level of a step-like shape or grooves 
substantially of a sawtooth shape, and with respect to the first wavelength >^i, 
the second wavelength Xg, and a refractive index n of a material of the 
chromatic-aberration compensation element, theidifference in level or depth 
of the grooves is in a range substantially between>2Xi / (n-1) and I (n-1). 

18. The optical head according to claim 17\ 
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wherein the first wavelength satisfies a relationship of O.SSpim . 
^ 0.44(xm or the second wavelength X2 satisfies a relationship of 0.7^m 
^ ^2 ^ 0.88^lm. 

19. The optical head according to claim 17, 

wherein the chromatic-aberration compensation element i^ormed 
on the objective lens. 

20. The optical head according to claim 17, 

wherein the chromatic-aberration compensation elemf&t and the 
objective lens are driven together by an actuator. 

21. The optical head according to claim 17, 
wherein the chromatic-aberration compensation element is a convex 

diffractive lens and forms converging light in cooperation'with the objective 
lens. / 

22. An optical head comprising: / 

at least one light source for emitting a beamnvith a first wavelength, 
a beam with a second wavelength that is approximately twice as long as the 
first wavelength, and a beam with a third wavelength that is approximately 
1.5 times as long as the first wavelength; 

a photodetector; and 

at least one diffiractive optical elemerft provided in optical paths of 
the beams with the first, the second, and the'third wavelengths, 

wherein outgoing fight from said ai least one diffiactive optical 
element is substantially a fourth-order diffraction light with respect to the 
beam with the first wavelength, is subst/ntially a second-order diffraction 
light with respect to the beam with they^econd wavelength, and is 
substantially a third-order diffraction light with respect to the beam with the 
third wavelength. / 

23. The optical head according to claim 22, 

wherein said at least one .diffractive optical element has a cross 
section substantially of a sawtoom shape, and with respect to the fixst 
wavelength X^, the second wavelength X^, the third wavelength Xg, and a 
refractive index n of a materialyof said at least one diffractive optical element, 
groove depth in the sawtooth shape is substantially in a range between a 
minimum and a maximum among 4Xi I (n-1), 2X2 / (n-1), and 2>X^ I (n-1) in the 
case of a transmission element, is substantially in a range between a 
minimum and a maximumyamong 2Xi / n, X2 / n, and / 2n in the case of a 
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reflection element onto which beams are incident from a substrate sideband 
is substantially in a range between a minimum and a maximum amorfg 2Xi, 
Xg, and 3X,3 / 2 in the case of a reflection element onto which beams ^e 
incident from an air side. 
5 24, The optical head according to claim 22, 

wherein with respect to the first wavelength a minii5ium period 
^min of said at least one diffractive optical element satisfies a ^lationship of 
A^i, ^ 22Xi. 

25. The optical head according to claim 22, 
10 wherein the first wavelength satisfies a relatiorfship of 0.35|bim ^ 

Xi ^ 0.44jxm, the second wavelength satisfies a relatimiship of O.TG^im ^ 
0.88jxm, or the third wavelength X^ satisfies a relationship of O.ST^im 
0.68nm. 

26. The optical head according to claim 22, 
15 wherein the first wavelength X^ satisfies sxo^stantially a relationship 

of0.35jxm ^ ^ 0.44^m, and said at least one iOiffractive optical element 
is a chromatic-aberration compensation element /for compensating chromatic 
^ J aberration caused by an objective lens for focusing beams on an information 

recording medium. 
C3 20 27, An optical head comprising: 

at least one light source for emitting a beam with a first wavelength, 
a beam with a second wavelength that is approximately twice as long as the 
first wavelength, and a beam with a thim wavelength that is approximately 
1.5 times as long as the first wavelengtn; 
25 a photodetector; 

an objective lens for focusing beams on an information recording 
medium; and 

at least one diffractive optical element provided in optical paths of 
the beams with the first, the second, and the third wavelengths, 
30 wherein said at least one diffractive optical element is a chromatic- 

aberration compensation elemddt that compensates chromatic aberration 
caused by the objective lens ai/d has difference in level of a step-like shape or 
grooves substantially of a sawtooth shape, and with respect to the first 
wavelength X^, the second wavelength X2, the third wavelength Xg, and a 
35 refractive index n of a material of said at least one diffractive optical element, 
the difference in level or depth of the grooves is in a range between a 
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minimum and a maximum among 4Xi / (n-1), / (n-1), and 3X^ / (n-1).^ 

28. The optical head according to claim 27, 
wherein the first wavelength satisfies a relationship of 0.3^fxm ^ 

^ 0.44[xm, the second wavelength satisfies a relationship of O^G^im ^ 
5 0.88jxm, or the third wavelength satisfies a relationship of^.57jim ^ 

Xg^ 0.68jxm. 

29. The optical head according to claim 27, 
wherein the chromatic-aberration compensation elem*fent is formed 

on the objective lens. 
10 30. The optical head according to claim 27, 

wherein the chromatic-aberration compensationy4lement and the 
objective lens are driven together by an actuator. 
Q 31. The optical head according to claim 27, 

^3 wherein the chromatic-aberration compensation element is a convex 

15 difiractive lens and forms converging light in cooperation with the objective 
lens. 

32. An optical head comprising: 

at least one light source for emitting a bfeam with a first wavelength 
and a beam with a second wavelength that is approximately 1.5 times as 
20 long as the first wavelength; 

a photodetector; and 

at least one difEractive optical element provided in optical paths of 
the beams with the first and the second wavelengths, 

wherein outgoing light fi-om saidrat least one difEractive optical 
25 element is substantially a third-order dim-action light with respect to the 
beam with the first wavelength and is ^bstantially a second-order 
diffraction light with respect to the beam with the second wavelength. 

33. The optical head according to claim 32, 

wherein said at least one difEractive optical element has a cross 
30 section substantially of a sawtoothyshape, and with respect to the first 
wavelength X^, the second wavelength Xg, and a refiractive index n of a 
material of said at least one diffractive optical element, groove depth in the 
sawtooth shape is substantially in a range between 3Xi I (n-1) and 2^2 / (n-1) 
in the case of a transmission element, is substantially in a range between 3Xi 
35 / 2n and / n in the case of a reflection element onto which beams are 

incident from a substrate side/ and is substantially in a range between 2Xi I 2 
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and Tk^ case of a reflection element onto which beams are incident ^om 

an air side. 

34. The optical head according to claim 32, 

wherein with respect to the first wavelength Xi, a minimuro^eriod 
5 A^iin of said at least one diffractive optical element satisfies a relati^ship of 

35. The optical head according to claim 32, 

wherein the first wavelength X-j satisfies a relationshi]^ of 0.35jxm 
^ 0.44nm or the second wavelength 7^ satisfies a relationship of 0.57|xm 
10 ^ ^ 0.68jxm. 

36. The optical head according to claim 32, 

wherein the first wavelength satisfies substaiftially a relationship 
of0.35fxm ^ ki ^ 0.44fxm, and said at least one difEmctive optical element 
is a chromatic-aberration compensation element for compensating chromatic 
15 aberration caused by an objective lens for focusing beams on an information 
recording medium. 
Y'^. 37. An optical head comprising: 

=^ J at least one light source for emitting a iDeam with a first wavelength 

f and a beam with a second wavelength that is jipproximately 1.5 times as 

f n 20 long as the first wavelength; 

■a 

f U a photodetector; 

an objective lens for focusing bea^s on an information recording 
medium; and 

a diffi-active optical element provided in optical paths of the beams 
25 with the first and the second wavelengths, 

wherein the diffractive optical element is a chromatic-aberration 
compensation element that compensates chromatic aberration caused by the 
objective lens and that has difference in level of a step-Hke shape or grooves 
substantially of a sawtooth shape /and with respect to the first wavelength X-i, 
30 the second wavelength X2, and a refi-active index n of a material of the 

chromatic-aberration compensation element, the difference in level or depth 
of the grooves is substantially i!n a range between 3Ki I (n-1) and 2?^ / (n-1), 
38. The optical head according to claim 37, 

wherein the first wavelength satisfies a relationship of 0,35jxm ^ 
35 ^ 0.44nm or the second Wavelength X2 satisfies a relationship of 0.57^m 

^ ?^ ^ 0.68nm. 
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39. The optical head according to claim 37, 

wherein the chromatic-aberration compensation element is f^fmed 
on the objective lens. 

40. The optical head according to claim 37, 
5 wherein the chromatic-aberration compensation elemen^^and the 

objective lens are driven together by an actuator. 

41. The optical head according to claim 37, 
wherein the chromatic-aberration compensation el^lbient is a convex 

diffractive lens and forms converging light in cooperation ^)vith the objective 
10 lens. 

42. An optical head comprising: 
at least one light source for emitting a beam^^ith a first wavelength, 

□ a beam with a second wavelength that is approximately twice as long as the 

^-3 first wavelength, and a beam with a third wavelep^h that is approximately 

15 1.5 times as long as the first wavelength; 

3 b? 

C9 a photodetector; and 

T:. at least one diffiractive optical element provided in optical paths of 

J the beams with the first, the second, and the third wavelengths, 

z ^ wherein outgoing light from said least one diffractive optical 

p 20 element is substantially a sixth-order diffi:action light with respect to the 
beam with the first wavelength, is substantially a third-order diffraction 
light with respect to the beam with the second wavelength, and is 
\3 substantially a fourth-order diffraction light with respect to the beam with 

the third wavelength. / 
25 43. The optical head according to claim 42, 

wherein said at least one^diffractive optical element has a cross 

/ 

section substantially of a sawtooth shape, and with respect to the first 
wavelength the second wavelength X^, the third wavelength Xg, and a 



refractive index n of a material of said at least one diffractive optical element, 
30 groove depth in the sawtooth shape is substantially in a range between a 

minimum and a maximum^among 6Xi / (n-1), 3>^ / (n-1), and 4X3 / (n-1) in the 
case of a transmission element, is substantigilly in a range between a 
minimum and a maximum among SXj / n, 3>t2 / 2n, and 2X3 / n in the case of a 
reflection element onto which beams are incident from a substrate side, and 
35 is substantially in a range between a minimum and a maximum among 3Xi, 
3X2 / 2, and 2X^3 in the case of a reflection element onto which beams are 
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incident from an air side. 

44. An optical head comprising: 
at least one light source for emitting a beam with a first if^^avelength, 

a beam with a second wavelength that is approximately twice as long as the 
first wavelength, and a beam with a third wavelength that is approximately 
1.5 times as long as the first wavelength; 
a photodetector; 

an objective lens for focusing beams on an inforrn^ation recording 
medium; and / 

at least one diffractive optical element provide'd in optical paths of 
the beams with the first, the second, and the third wavelengths, 

wherein said at least one diffractive optical^lement is a chromatic- 
aberration compensation element that compensated chromatic aberration 
caused by the objective lens and that has difference in level of a step-like 
shape or grooves substantially of a sawtooth shape, and with respect to the 
first wavelength Xy^, the second wavelength T^.jthe third wavelengthXg, and a 
refractive index n of a material of said at leaat one diffractive optical element, 
the difference in level or depth of the grooved is substantially in a range 
between a minimum and a maximum amc^g 6Xi I (n-1), SX2 I / 
(n-1). 

45. The optical head according io claim 44, 
wherein the chromatic-aberration compensation element is formed 

on the objective lens. 



46. The optical head according to claim 44, 

wherein the chromatic-aberration compensation element and the 
objective lens are driven togetheyby an actuator. 

47. The optical head according to claim 44, 

wherein the chromaticyaberration compensation element is a convex 
diffractive lens and forms converging hght in cooperation with the objective 
lens. / 

48. An optical head comprising: 

a hght source emitting a beam with a wavelength X that satisfies 
substantially a relationship/of 0.35|am ^ X, ^ 0,44jxm; 
a photodetector; and 

at least one diffractive optical element provided in an optical path of 
the beam emitted from the hght source, 
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wherein said at least one diffractive optical element is a cm-omatic- 
aberration compensation element for compensating chromatic aberration 
caused by an objective lens for focusing beams on an information recording 
medium. 

5 49. The optical head according to claim 48, 

wherein the chromatic-aberration compensatioi??' element is formed 
on the objective lens. 

50. The optical head according to claim 48y 
wherein the chromatic-aberration compensation element and the 

10 objective lens are driven together by an actua^r. 

51. The optical head according to claim 48, 

wherein the chromatic-aberrationucompensation element is a convex 
diffractive lens and forms converging lig]^t in cooperation with the objective 
lens 
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